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EMBEDDED ANALYTICS IN INFORMATION VISUALIZATION 



Background of the Invention 

1 . Field of the Invention 

[0001] The present invention generally relates to image visualization, in which models 

are used to display information. More particularly, the present invention provides a method, 
system and program product for performing calculations assigned to the relationships displayed 
in those models, and for displaying the results of the calculations. 

2. Related Art 

[0002] Image visualization (IV) is the general field of using models to display 

information. A subset of this field is Focus+Context, which specializes in visualizing data in 
terms of relationships that remain in view while providing greater detail of the item in focus. A 
common example is the a hyperbolic tree, in which a selected node moves to the central focus 
while peripheral nodes remain in view, but off to the side. These types of models are excellent at 
displaying data relationships, but lack the functionality to perform calculations within those 
relationships. 

[0003] A simplistic example of a hyperbolic tree 10 is illustrated in FIGS. 1 and 2. In 

this example, the revenue data from individual Sales Region nodes 12 is displayed. Sets of the 
Sales Region nodes 12 are contained by respective Geography nodes 14 (i.e., United States, 
Europe, Latin America, and Asia Pacific), which are themselves contained by the Total 
Worldwide Revenue node 16. These types of relationships are easily represented in a 
hierarchical fashion as shown. 
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[0004] The relationships within the hyperbolic tree 10 are defined in terms of Degrees of 

Interest (DOI) that identify one node's relative position to another. The node in focus is the A 
Priori Interest (API). In FIG. 1, for example, the Total Worldwide Revenue node 16 is the API. 
Because the Total Worldwide Revenue node 16 is the API, it is displayed in the center of the 
hyperbolic tree 10, with the Geography nodes 14 located outside of the Total Worldwide 
Revenue node 16, and the Sales Region nodes 12 located outside of the Geography nodes 14. In 
this example, each Geography node 14 has a Degree of Interest that is one level less (DOI: n-1) 
than the Total Worldwide Revenue node 16 (i.e., the node in focus). Similarly, each Sales 
Region node 12 has a Degree of Interest that is two levels less (DOI: n-2) than the Total 
Worldwide Revenue node 16. Further, each Sales Region node 12 has a Degree of Interest that is 
one level less (DOI: n-1) than its respective Geography node 14. The Total Worldwide Revenue 
node 16 can thus be considered the "parent" node, while the Geography nodes 14 can be 
considered to be "children" of the Total Worldwide Revenue node 16, and the Sales Region 
nodes 12 can be considered to be the "children" of specific Geography nodes 14 and 
"grandchildren" of the Total Worldwide Revenue node 16. 

[0005] Referring now to FIG. 2, the hyperbolic tree 10 has been transformed in response 

to the activation of the "Asia Pacific" Geography node 14. In particular, the Geography node 14 
"Asia Pacific" is now the API, located in the center of the hyperbolic tree 10. Typically, a node 
is activated by clicking on the node using a mouse pointer or the like. Other activation 
techniques are also possible. As can be seen in FIG. 2, the Total Worldwide Revenue node 16, 
as well as the remaining Geography nodes 14 (i.e., United States, Europe, and Latin America) 
and their respective Sales Region nodes 12 remain in view, but off to the side of the "Asia 
Pacific" Geography node 14. 
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[0006] While currently available IV models, such as the hyperbolic tree 10 shown in 

FIGS. 1 and 2, are adequate at communicating hierarchical relationships between data, the IV 
models are not capable of analyzing the data within the context of those relationships. As such, 
there exists a need for an IV model that is capable of analyzing the data within the context of the 
relationships displayed by the model, and which is capable of displaying the results of the data 
analysis. 

Summary of the Invention 

[0007] In general, the present invention provides a method, system, and program product 

for performing calculations assigned to the relationships displayed in information visualization 
(IV) models, and for displaying the results of the calculations 

[0008] A first aspect of the present invention is directed to an image visualization method 

comprising: displaying an information visualization model having a plurality of nodes, wherein 
at least one node in the information visualization model is configured to perform a calculation 
based on values displayed by other nodes in the information visualization model, and to display a 
result of the calculation. 

[0009] A second aspect of the present invention is directed to a image visualization 

system, comprising: a system for displaying an information visualization model having a 
plurality of nodes, wherein at least one node in the information visualization model comprises a 
system for: performing a calculation based on values displayed by other nodes in the information 
visualization model; and displaying a result of the calculation.. 

[0010] A third aspect of the present invention is directed to a program product 

stored on a recordable medium, which when executed, comprises: program code for displaying 
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an information visualization model having a plurality of nodes, wherein at least one node in the 
information visualization model is configured to perform a calculation based on values displayed 
by other nodes in the information visualization model, and to display a result of the calculation. 
[001 1] Therefore, the present invention provides a method, system and program product 

for performing calculations assigned to the relationships displayed in information visualization 
(IV) models, and for displaying the results of the calculations. 

Brief Description of the Drawings 

[0012] These and other features of this invention will be more readily understood from 

the following detailed description of the various aspects of the invention taken in conjunction 
with the accompanying drawings in which: 

[0013] FIG. 1 depicts a prior art hyperbolic tree, wherein the Total Worldwide Revenue 

node is in focus. 

[0014] FIG. 2 depicts the prior art hyperbolic tree of FIG. 1, with the "Asia Pacific" 

Geography node in focus. 

[0015] FIG. 3 depicts a hyperbolic tree in accordance with the present invention, wherein 

the Total Worldwide Revenue node is in focus, wherein the Total Worldwide Revenue node 
calculates and displays the sum of the values displayed by the Geography nodes, and wherein 
each Geography node calculates and displays the sum of the values displayed by its respective 
Sales Region nodes. 

[0016] FIG. 4 depicts a hyperbolic tree in accordance with the present invention, wherein 

the Total Worldwide Revenue node is in focus, wherein the Total Worldwide Revenue node 
calculates and displays the sum of the values displayed by the Sales Region nodes, and wherein 
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each Geography node calculates and displays the sum of the values displayed by its respective 
Sales Region nodes. 

[0017] FIG. 5 depicts a hyperbolic tree in accordance with the present invention, wherein 

the Total Worldwide Revenue node is in focus, wherein each Geography node calculates and 
displays the average of the values displayed by its respective Sales Region nodes, and wherein 
the Total Worldwide Revenue node calculates and displays the average of the values displayed 
by the Geography nodes. 

[0018] FIG. 6 depicts a hyperbolic tree in accordance with the present invention, wherein 

the Total Worldwide Revenue node is in focus, wherein the Total Worldwide Revenue node 
calculates and displays the average of the values displayed by the Sales Region nodes, and 
wherein each Geography node calculates and displays the average of the values displayed by its 
respective Sales Region nodes. 

[0019] FIG. 7 depicts a hyperbolic tree in accordance with the present invention, wherein 

the Total Worldwide Revenue node is in focus, wherein the Total Worldwide Revenue node 
calculates and displays the average of the values displayed by the Sales Region nodes, and 
wherein each Geography node calculates and displays the sum of the values displayed by its 
respective Sales Region nodes. 

[0020] FIG. 8 depicts a hyperbolic tree in accordance with the present invention, wherein 

the "Asia Pacific" Geography node is in focus, and wherein the calculation performed by the 
"Asia Pacific" Geography node changed from average to sum when the "Asia Pacific" Geography 
node moved into focus. 

[0021] FIG. 9 illustrates a computer system 200 for implementing the hyperbolic tree in 

accordance with the present invention. 
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[0022] The drawings are merely schematic representations, not intended to portray 

specific parameters of the invention. The drawings are intended to depict only typical 
embodiments of the invention, and therefore should not be considered as limiting the scope of the 
invention. In the drawings, like numbering represents like elements. 

Detailed Description of the Invention 

[0023] As indicated above, the present invention provides a method, system, and program 

product for performing calculations assigned to the relationships displayed in information 
visualization (IV) models, and for displaying the results of the calculations. In addition, the 
calculations could be assigned to the dynamic relationships created by predefined user action. 
[0024] The present invention is described in terms of calculations and analytics that are 

based on hierarchical relationships within an IV model. Although described below with regard to 
a hyperbolic tree IV model, it should be clear that the present invention may be applied to other 
now known or later developed IV models without departing from the intended scope of the 
present invention as defined in the claims. Such IV models may include, but are not limited to, 
VENN diagrams, Organization charts, etc. 

[0025] Referring now to Fig. 3, there is illustrated an example of a Focus+Context 

hyperbolic tree 100 in accordance with the present invention. Similar to the hyperbolic tree 10 
shown in FIG. 1, the hyperbolic tree 100 displays the revenue data from individual Sales Region 
nodes 120. Sets of the Sale Region nodes 120 are contained by respective Geography nodes 140 
(i.e., United States, Europe, Latin America, and Asia Pacific), which are themselves contained by 
the Total Worldwide Revenue node 160. * Unlike the hyperbolic tree 10 shown in FIG. 1, 
however, the hyperbolic tree 100 in accordance with the present invention performs calculations 
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assigned to the relationships displayed in the hyperbolic tree 100, and displays the results of the 
calculations. 

[0026] In FIG. 3, the Total Worldwide Revenue node 160 is the API. As such, the Total 

Worldwide Revenue node 160 is displayed in the center of the hyperbolic tree 100, with the 
Geography nodes 140 located outside of the Total Worldwide Revenue node 160, and the Sales 
Region nodes 120 located outside of the Geography nodes 140. In this example, each Geography 
node 140 has a Degree of Interest that is one level less (DOI: n-1) than the Total Worldwide 
Revenue node 160 (i.e., the node in focus). Similarly, each Sales Region node 120 has a Degree 
of Interest that is two levels less (DOI: n-2) than the Total Worldwide Revenue node 160. 
Further, each Sales Region node 120 has a Degree of Interest that is one level less (DOI: n-1) 
than its respective Geography node 140. The Total Worldwide Revenue node 160 can thus be 
considered the "parent" node, while the Geography nodes 140 can be considered to be "children" 
of the Total Worldwide Revenue node 160, and the Sales Region nodes 120 can be considered to 
be the "children" of specific Geography nodes 140 and "grandchildren" of the Total Worldwide 
Revenue node 160. 

[0027] In accordance with the present invention, the hyperbolic tree 100 performs 

calculations assigned to displayed relationships, and displays the results of the calculations. 
Specifically, in the hyperbolic tree 100 illustrated in FIG. 3, each Geography node 140 is 
configured to sum the values displayed by each associated Sales Region node 120. This is 
represented in each Geography node 140 as "SUM (DOI: n-1)." For example, referring to the 
"Asia Pacific" Geography node 140, the sum of the Sales Region nodes 120 connected to the 
"Asia Pacific" Geography node 140 is equal to 24 (i.e., 3 + 6 + 9 + 6). This calculated value is 
displayed as part of the "Asia Pacific" Geography node 140. In a similar fashion, the sum of the 
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Sales Region nodes 120 connected to the "Latin America," "United States," and "Europe" 
Geography nodes 140 is equal to 180 (i.e., 25 + 30 + 35 + 30 + 30 + 30), 40 (i.e., 10 + 15 + 10 + 
5), and 32 (i.e., 8 + 12 + 8 + 4), respectively. Thus, each Geography node 140 calculates and 
displays the sum of the values displayed by its children (i.e., the Sales Region nodes 120 
connected to the Geography node 140). 

[0028] The Total Worldwide Revenue node 160 illustrated in FIG. 3 is configured to sum 

the values displayed by each of the plurality of Geography nodes 140. This is represented in the 
Total Worldwide Revenue node 160 as "SUM (DOI: n-1)." In this example, the sum of the 
Geography nodes 140 connected to the Total Worldwide Revenue node 160 is equal to 276 (i.e., 
24 + 180 + 40 + 32). This calculated value is displayed as part of the Total Worldwide Revenue 
node 160. Thus, similar to each Geography node 140, the Total Worldwide Revenue node 160 
calculates and displays the sum of the values displayed by its children (i.e., the Geography nodes 
140 connected to the Total Worldwide Revenue node 160). 

[0029] In FIG. 3, the Total Worldwide Revenue node 160 was configured to sum the 

values displayed by each of its children (i.e., the plurality of Geography nodes 140). It should be 
noted, however, as shown in FIG. 4, that the Total Worldwide Revenue node 160 may also be 
configured to directly sum the values displayed by each of its grandchildren (i.e., the plurality of 
Sales Region nodes 120). This is represented in FIG. 4 as "SUM (DOI: n-2)." In this case, the 
Total Worldwide Revenue node 160 again displays the value 276. 
[0030] Comparing FIGS. 3 and 4, it should be noted that the ultimate result of the 

calculations, that is, the value displayed by the Total Worldwide Revenue node 160, is the same 
for both examples, irrespective of the different DOI values of the inputs. In other words, if you 
sum the plurality of Geography nodes 140 (FIG. 3), and directly sum the plurality of Sales 
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Region nodes 120 separately (FIG. 4), the calculated value displayed in the Total Worldwide 
Revenue node 160 is the same. This is due to the associative property of the sum calculation. 
[003 1] The calculations performed by the various nodes in the hyperbolic tree 100 may 

be applied to values displayed by children nodes (DOI: n-1), grandchildren nodes (DOI: n-2), 
great-grandchildren nodes (DOI: n-3), etc., or combinations thereof. In addition, as will be 
described below, each node is not required to perform the same type of calculation (i.e., SUM). 
Calculations such as average, standard deviation, multiplication, subtraction, etc., may also be 
performed. Further, as detailed below, a node may be configured to perform different 
calculations, depending on its current displayed location within the hyperbolic tree 100 (e.g., in 
focus or out of focus). 

[0032] Referring now to FIG. 5, each Geography node 140 is configured to average the 

values displayed by its respective Sales Region nodes 120. This is represented in each 
Geography node 140 as "AVG (DOI: n-1)." For example, in FIG. 5, the "Asia Pacific" 
Geography node 140 displays a value of 6, which is the average of the values displayed by its 
respective Sales Region nodes 120 (i.e., (3 + 6 + 9 + 6)/4). Similarly, the Total Worldwide 
Revenue node 160 is configured to average the values displayed by each the plurality of 
Geography nodes 140. This is represented in the Total Worldwide Revenue node 160 as "AVG 
(DOI: n-1)." In this example, the average of the Geography Region nodes 140 connected to the 
Total Worldwide Revenue node 160 is equal to 13.5 (i.e., (6 + 30 + 10 + 8)/4). This calculated 
value is displayed as part of the Total Worldwide Revenue node 160. It should be noted that in 
FIG. 5, the value calculated by the Total Worldwide Revenue node 160 is an average of an 
average, which may be useful in some contexts, but in others may lead to the mathematical pitfall 
of averaging averages. 
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[0033] The hyperbolic tree 100 illustrated in FIG. 6 obviates the problems associated 

with averaging averages. In particular, the Total Worldwide Revenue node 160 is configured to 
provide a comprehensive average by directly averaging the values displayed by each the plurality 
of Sales Region nodes 120. This is represented in the Total Worldwide Revenue node 160 as 
"AVG (DOI: n-2)." In this example, the average of the Sales Region nodes 120 is equal to 15.33 
(i.e., (3 + 6 + 9 + 6 + 25 + 30 + 35 + 30 + 30 + 30 + 10 + 15 + 10 + 5 + 8 + 12 + 8 + 4)/18). As 
in FIG. 5, each Geography node 140 is configured to average the values displayed by its 
respective Sales Region nodes 120. This is .represented in each Geography node 140 as "AVG 
(DOI: n-1)." For example, in FIG. 6, the "Asia Pacific" Geography node 140 displays a value of 
6, which is the average of the values displayed by its respective Sales Region nodes 120 (i.e., (3 
+ 6 + 9 + 6)/4). 

[0034] An example of a hyperbolic tree 100 wherein different types of calculations are 

performed in different nodes is illustrated in FIG. 7. In this example, the Total Worldwide 
Revenue node 160 is configured to provide a comprehensive average by directly averaging the 
values displayed by each the plurality of Sales Region nodes 120. This is represented in the 
Total Worldwide Revenue node 160 as "AVG (DOI: n-2)." Each Geography node 140, however, 
is configured to perform a SUM calculation of its respective Sales Region nodes 120. This is 
represented in each Geography node 140 as "SUM (DOI: n-1)." 

[0035] Another example of a hyperbolic tree 100 in accordance with the present 

invention is illustrated in FIG. 8. In this example, node calculations are assigned to the dynamic 
relationships created by predefined user action. In particular, in FIG. 8, the "Asia Pacific" 
Geography node 140 has been selected by a user and has been moved to the center of the picture 
(i.e., the "Asia Pacific" Geography node 140 is now in focus). Prior to being selected, as shown 
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in FIG. 6, the "Asia Pacific" Geography node 140 calculated and displayed the average of its 
respective Sales Region nodes 120. This is represented in FIG. 6 as "AVG (DOI: n-1)." After 
being selected, however, as shown in FIG. 8, the "Asia Pacific" Geography node 140 moved into 
focus and the calculation performed on its respective Sales Region nodes 120 changed from 
average to sum. Thus, in response to its selection, the average calculation (i.e., AVG (DOI: n-1)) 
performed by the "Asia Pacific" Geography node 140 was superseded by a sum calculation (i.e., 
SUM (DOI: n-1)). 

[0036] In the example shown in FIG. 8, calculations are based on the API or focus of the 

IV model. Thus, the calculations are not contained by the nodes themselves, but by the model 
structure. With regard to FIG. 8, for example, the calculation performed by the "Asia Pacific" 
Geography node 140 is set to AVG when this node is not in focus. The SUM calculation is 
assigned to the relative position of API that overrides the AVG node calculation as the "Asia 
Pacific" Geography node 140 is brought into focus. 

[0037] The calculations performed by nodes located one or more DOI levels subsequent 

to the API could also change in response to a node moving to the API. For example, when the 
Worldwide Revenue node 160 is the API, not only is its calculation reset to "SUM," but the 
calculations of the Geography nodes 140 could change to "SUM" as well. 
[0038] The Total Worldwide Revenue node 160 and the plurality of Geography nodes 

140 each perform a calculation that is specified in the node property fields of the nodes. 
Examples of the node property fields are described in detail below. In general, the node property 
fields specify the following, when calculations are based on static relationships (e.g., as shown in 
FIGS. 3-7): 

Input: the DOI level to use as inputs. 
RSW920030164US1 

11 



Function: the calculation to be applied to the inputs (e.g., SUM, AVG). 

Output: The result of the function. 
When calculations are based on dynamic relationships created by a predefined user action (e.g., 
as shown in FIG. 8), the node property fields specify the following: 

Input: the maximum DOI level away from the API to use as inputs. 

Function: the calculation to be applied to the inputs (e.g., SUM, AVG). 

Output: The result of the function to be displayed at the API. 
[0039] TABLE 1 presents exemplary node property fields associated with the Total 

Worldwide Revenue node 160 illustrated in FIGS. 3 and 6. 
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TABLE 1 



FIELDS 


DESCRIPTION 


SAMPLE VALUE 


RESULT 










Text 


Defines text contained in 
node title 


Total WW Revenue 


The words "Total WW 
Revenue" are displayed 
within the node 


NodeColor 


Defines color of node 


Green 


Node containing "Total 
WW Revenue" is green 


NodeTextColor 


Defines color of text in 
node 


Black 


"Total WW Revenue" 
text is black 


Parent 


Describes parent of node 


<none> 


Node has no parent 


Child 


Describes child nodes (n- 
1) of node 


United States, Europe, 
Latin America, Asia 
Pacific 


Links established and 
displayed 


Grandchild 


Describes grandchild 
nodes (n-2) of node 


10, 15, 10, 5,8, 12, 8, 4, 
6, 9, 6, 3, 30, 30, 30, 35, 
30, 25 


Used for orientation and 
display only 


NodeValue 


Defines value point of 
node if not calculated 


<none> 


No inherent value to node 


(n-1) Calculation 


Defines formula applied 
to child (n-1) nodes 


SUM (FIG. 3); <none> 
(FIG. 6) 


Sum (FIG. 3), no 
calculation (FIG. 6), of 
values in child (n-1) 
nodes is displayed. 


(n-2) Calculation 


Defines formula applied 
to grandchild (n-2) nodes 


<none> (FIG. 3); AVG 
(FIG. 6) 


No calculation (FIG. 3), 
average (FIG. 6), of 
values in grandchild (n-2) 
nodes is displayed 


API Calculation 


Defines formula applied 
to child (n-1) nodes when 
brought into focus that 
overrides default (n-1) 
calculation above 


<none> 


Result of formula 
displayed does not change 
when node is brought into 
API 



[0040] The first three rows in TABLE 1 (Text, NodeColor, and NodeTextColor) define 

the appearance of the Total Worldwide Revenue node 160. The next three rows (Parent, Child, 
Grandchild) define the position and family relationships of the Total Worldwide Revenue node 
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160. The next four rows (Node Value, (n-1) Calculation, (n-2) Calculation, API Calculation) 
define the calculated/fixed value that is displayed by the Total Worldwide Revenue node 160. 
[0041] TABLE 2 presents exemplary node property fields associated with the "Asia 

Pacific" Geography node 140 illustrated in FIGS. 6 and 8. 



TABLE 2 



FIELDS 


DESCRIPTION 


SAMPLE VALUE 


RESULT 










Text 


Defines text contained in 
node title 


Asia Pacific 


The words "Asia Pacific" 
are displayed within the 
node 


NodeColor 


Defines color of node 


Olive 


Node containing "Asia 
Pacific" is olive 


NodeTextColor 


Defines color of text in 
node 


Dark Brown 


"Asia Pacific" text is dark 
brown 


Parent 


Describes parent of node 


Total WW Revenue 


Links established and 
displayed 


Child 


Describes child nodes (n- 
1) of node 


6, 9, 6, 3 


Links established and 
displayed 


Grandchild 


Describes grandchild 
nodes (n-2) of node 


<none> 


Node has no grandchild 
nodes 


NodeValue 


Defines value point of 
node if not calculated 


<none> 


No inherent value to node 


(n-1) Calculation 


Defines formula applied 
to child (n-1) nodes 


AVG 


Average of values in child 
(n-1) nodes is displayed. 


(n-2) Calculation 


Defines formula applied 
to grandchild (n-2) nodes 


<none> 


No calculation 


API Calculation 


Defines formula applied 
to child (n-1) nodes when 
brought into focus that 
overrides default (n-1) 
calculation above 


SUM 


Result of formula 
displayed changes from 
average to sum when 
node is brought into API 
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[0042] Referring to the last row in TABLE 2, it can be seen that the calculation 

performed by the "Asia Pacific" Geography node 140 changes from average to sum when this 

node becomes the API. This can be seen by comparing FIGS. 6 and 8. 

[0043] TABLE 3 presents exemplary node property fields associated with one of the 

child nodes (i.e., Sales Region nodes 120) associated with the "Asia Pacific" Geography node 

140. 

TABLE 3 



FIELDS 


DESCRIPTION 


SAMPLE VALUE 


RESULT 










Text 


Defines text contained in 
node title 


<none> 


Defaults to NodeValue 


NodeColor 


Defines color of node 


Yellow 


Node containing "9" is 
yellow 


NodeTextColor 


Defines color of text in 
node 


Black 


Text is black 


Parent 


Describes parent of node 


Asia Pacific 


Links established and 
displayed 


Child 


Describes child nodes (n- 
1) of node 


<none> 


Links established and 
displayed 


Grandchild 


Describes grandchild 
nodes (n-2) of node 


<none> 


Node has no grandchild 
nodes 


NodeValue 


Defines value point of 
node if not calculated 


9 


Node has value 9 



[0044] Referring now to Fig. 9, a computer system 200 for implementing the hyperbolic 

tree 100 in accordance with the present invention is shown. In general, the hyperbolic tree 100 
could be implemented on any computerized system capable of carrying out the functions of the 
present invention described herein. For example, the computerized system could be a personal 
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computer, a workstation, a server, a laptop, a handheld device, etc. 

[0045] As shown, computer system 200 generally comprises central processing unit 

(CPU) 202, memory 204, bus 206, input/output (I/O) interfaces 208, external devices/resources 
210 and storage unit 212. CPU 202 may comprise a single processing unit, or may be distributed 
across one or more processing units in one or more locations. Memory 204 may comprise any 
known type of data storage and/or transmission media, including magnetic media, optical media, 
random access memory (RAM), read-only memory (ROM), a data cache, a data object, etc. 
Moreover, similar to CPU 202, memory 204 may reside at a single physical location, comprising 
one or more types of data storage, or may be distributed across a plurality of physical systems in 
various forms. 

[0046] I/O interfaces 208 may comprise any system for exchanging information to/from 

an external source. External devices/resources 210 may comprise any known type of external 
device, including speakers, a CRT, LCD screen, handheld device, keyboard, mouse, voice 
recognition system, speech output system, printer, monitor/display, facsimile, pager, etc. Bus 
206 provides a communication link between each of the components in computer system 200 and 
likewise may comprise any known type of transmission link, including electrical, optical, 
wireless, etc. 

[0047] Storage unit 212 can be any system capable of providing storage for information, 

such as the node property fields (see, e.g., TABLES 1-3) for implementing hyperbolic tree 100, 
under the present invention. As such, storage unit 212 may reside at a single physical location, 
comprising one or more types of data storage, or may be distributed across a plurality of physical 
systems in various forms. In another embodiment, storage unit 212 may be distributed across, for 
example, a local area network (LAN), wide area network (WAN) or a storage area network 
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(SAN) (not shown). 

[0048] Shown in memory 204 of computer system 200 is hyperbolic tree generation 

system 220 and hyperbolic tree display system 222, which may be provided as computer program 
products. Hyperbolic tree generation system 220 is provided to generate hyperbolic tree 100 
based on its associated node property fields, which are stored in storage unit 212. Hyperbolic 
tree generation system 220 generates the nodes and establishes the links/relationships of the 
hyperbolic tree 100, and performs all necessary calculations set forth in the node property fields 
corresponding to the hyperbolic tree 100. Hyperbolic tree display system 222 displays the 
resultant hyperbolic tree 100 on a display 224. 

[0049] It should be understood that the present invention can be realized in hardware, 

software, or a combination of hardware and software. Any kind of computer/server system(s) - 
or other apparatus adapted for carrying out the methods described herein - is suited. A typical 
combination of hardware and software could be a general purpose computer system with a 
computer program that, when loaded and executed, carries out the respective methods described 
herein. Alternatively, a specific use computer, containing specialized hardware for carrying out 
one or more of the functional tasks of the invention, could be utilized. The present invention can 
also be embedded in a computer program product, which comprises all the respective features 
enabling the implementation of the methods described herein, and which - when loaded in a 
computer system - is able to carry out these methods. Computer program, software program, 
program, or software, in the present context mean any expression, in any language, code or 
notation, of a set of instructions intended to cause a system having an information processing 
capability to perform a particular function either directly or after either or both of the following: 
(a) conversion to another language, code or notation; and/or (b) reproduction in a different 
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material form. 

[0050] The foregoing description of the preferred embodiments of this invention has been 

presented for purposes of illustration and description. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed, and obviously, many modifications and 
variations are possible. Such modifications and variations that may be apparent to a person 
skilled in the art are intended to be included within the scope of this invention as defined by the 
accompanying claims. 
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